Abstract:
The paper suggests a minimum set of abiotic and biotic threshold indicators, and progress indicators for Forest landscape restoration, then also briefly discusses progress indicators of pressures and project outputs. Forest landscape restoration (FLR) aims to restore multiple functions of forests at a landscape scale. It is predicated on the hypothesis that restoration produces enabling conditions for ecosystem services, including regulating services such as carbon sequestration and pollination, and provisioning services such as food and energy. As FLR gains greater uptake, it is increasingly important to monitor progress. The types of indicators required are influenced by the degree of forest loss and degradation. To measure status of land under restoration, one or more abiotic and biotic threshold indicators are required, measuring the return of enabling conditions for restoration (soil quality, water etc), along with progress indicators measuring the re-emergence of the ecosystem services. While all elements of the proposed monitoring framework are well known, compiling them into a coherent system, suitable for application in a wide range of conditions, will take much further development.
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Implications for practice:
 Large-scale restoration programmes need a broad suite of progress indicators, with clear indication that thresholds have been crossed to demonstrate achievement of an improved condition class.
 In badly degraded landscapes this will include threshold indicators, to show attainment of key ecosystem functions and progress indicators, to show the extent that the restoration programme is meeting scheduled activities  In severely degraded sites it is important to include abiotic indicators to measure the return of primary ecosystem functionality, e.g., relating to soil properties, alongside biotic indicators  Given the need to implement FLR at scale and work with many user groups, indicators that are easily understood and measured by a wide range of stakeholders should be deployed wherever possible.
Introduction
Current rates of global forest loss and degradation are ecologically and socially unsustainable. The total area of tropical forest declined by 5.5 million hectares a year from 2010 to 2015 (Keenan et al. 2015) and an even larger area, not fully quantified, underwent partial canopy loss and degradation (Sloan & Sayer 2015) . Many natural forests in temperate and boreal regions have been degraded or converted to secondary forest or plantations. Up to 70 per cent of global forests are at risk of further degradation (Hansen et al. 2013; Haddad et al. 2015) . Unintended consequences of forest degradation and loss include biodiversity loss, reduced ecosystem services and increased carbon emissions (Foley et al. 2005) . The consequent need for forest restoration (Aronson & Alexander 2013; Chazdon et al. 2015; Hanberry et al. 2015) and the potential for scaling up restoration (Chazdon 2008; Murcia 2015) are both increasingly recognised.
Restoration means many things to many audiences, from ecological restoration of habitats to reclamation or rehabilitation of mining sites to re-wilding extensive landscapes in order to restore the structure, function or ecological complexity of ecosystems (e.g., Allison 2007; Clewell & Aronson 2013; Navarro & Pereira 2012) . Many terminologies exist, for example distinguishing between rehabilitation, reconstruction, reclamation and replacement (Stanturf et al. 2014) . Forest landscape restoration (FLR) is an approach that aims to regain ecologically and socially important forest functions at a landscape scale, using strategies negotiated between affected stakeholders (Orsi et al. 2011; Maginnis & Jackson 2012) . The term was defined by a group of experts in 2000 as "a planned process that aims to regain ecological integrity and enhance human wellbeing in deforested or degraded landscapes" (Mansourian et al. 2005) . The FLR approach recognizes that while forest restoration at the site scale may legitimately aim to produce a fairly narrow set of benefits, at the landscape scale, restored forests usually need to supply multiple functions to address the multiple needs of the stakeholders in the landscape. The complex planning processes needed to balance and trade-off different restoration functions and aims require the involvement and support of multiple stakeholders, with cultural as well as biological drivers (Bhagwat et al. 2014) . Our approach to restoration therefore adopts the notion of multifunctionality at the landscape level and incorporates both ecological integrity and human wellbeing in one framework; as opposed to re-wilding where the focus is generally more directed towards conservation outcomes alone (e.g. Fernandez et al. 2017) .
Given the scale of the task and relative shortage of resources, forest landscape restoration focuses on places where restoration is feasible (Orsi et al. 2011) . Efforts are predicated on the hypothesis that restoration produces enabling conditions for a range of the ecosystem services, including regulating services such as carbon sequestration and pollination, and provisioning services such as food and energy (MEA 2003) . Recent studies point to the need to begin restoration activities by focusing on "functionally important" species (Montoya et al. 2009; Galetti et al. 2017) . At a landscape scale restoration aims will likely embrace multiple aspects including the regaining of a range of ecosystem services including climate mitigation (Stanturf et al. 2015) , biodiversity conservation (Rey Beneyas et al. 2012) , biomass production (Ciccarese et al. 2012 ) and a range of other social, cultural and spiritual values.
Current policy context of restoration
Restoration is increasingly included amongst targets set by the global community. In 2010, the Convention on Biological Diversity set 20 biodiversity targets (the so-called Aichi targets) which include: Target 14: "By 2020, ecosystems that provide essential services, including services related to water, and contribute to health, livelihoods and well-being, are restored and safeguarded, taking into account the needs of women, indigenous and local communities, and the poor and vulnerable"; and collaborating on approaches to monitoring FLR at landscape and national scale, based around production (energy, products and culture), conservation (soil, water and biodiversity) and impact (community, market and climate). Independently, recent work in the Brazilian Atlantic Forest has used a stakeholder-driven approach to developing a monitoring protocol for restoration (Viani et al. 2017 ).
Rising political commitments and funding levels mean that it is also increasingly important to measure success or failure in restoration. Such measurements are important to ensure that restoration delivers the ecosystem services that were targeted and is important both at the local level and national levels to ensure that stakeholders understand what restoration efforts provide, and to help justify Montoya et al. 2012 ). An additional requirement is for monitoring systems that work without huge financial resources or specialised expertise. While this paper primarily addresses ecological monitoring, parallel efforts to assess societal benefits will also be needed.
Measuring forest landscape restoration
There are many ways to measure restoration success, mostly, in terms of comparison with reference states (Wiegleb et al. 2013) , application of biotic and abiotic indicators and, rarely, use of social (Egan & Estrada-Bustillo 2011) or ecosystem service indicators. Monitoring of wildlife, including population dynamics of carefully chosen umbrella species, has been identified as an important component of some restoration projects (Block et al. 2001) . Most monitoring systems to date have focused only on ecological attributes, with ecosystem services and social benefits remaining at best on the fringes of the monitoring protocol (Wortley et al. 2013) , however aspects of this are increasingly integrated, such as in Brazil (Melo et al. 2013) . Furthermore, many restoration protocols require specialist knowledge and are costly and difficult to implement (e.g. Herrick et al. 2006) , thus severely limiting their application.
Successful monitoring systems for restoration need to consider three key elements: the factors that caused degradation to occur (the status); the changes to the ecosystem during restoration (the outcomes) and the steps taken by the restoration project (the outputs): the well-known pressure-stateresponse model. In this paper we look predominantly at outcome or state indicators, although other indicators are also briefly considered below (see Table 1 and Figure 2 ).
Status indicators in this case focus on specific pressures causing the original degradation. Restoration efforts will likely fail if the reasons why restoration is needed are not addressed either before or during the restoration programme. Effective restoration planning therefore first identifies the causes of forest loss and degradation (e.g. Hosonuma et al. 2012) , and proposes steps to address these if they are still present (Hobbs & Harris 2001) . Monitoring systems will vary depending on the nature of the pressure. Some will be relatively straightforward (e.g. number of grazing livestock in an area; volume of fuelwood collected) while others may be more complex (e.g. changing climate, impacts of longterm soil degradation).
Monitoring responses (in other words the outputs of restoration programmes) will vary depending on the nature of restoration and the status of the site, but will often involve monitoring both the steps needed to reduce degradation pressure and those put in place to achieve active or passive restoration.
Indicators can be drawn from the project work plan and will include both quantitative measurements of actions (e.g. number of trees planted, length of livestock fences installed) and more qualitative aspects of restoration (e.g. changes in attitude or behaviour amongst resident communities, or attitudes towards restoration).
With regard to changing conditions at the site, the state of the land under restoration and the outcomes of any restoration project, restoration requires indicators at both site and landscape scale. Measuring the attainment of a series of abiotic and biotic thresholds ( 
Potential indicators
Far more is known about abiotic than biotic indicators (Feld et al. 2009 ) although the use of indicator species for measuring restoration success is already quite widespread (Siddig et al. 2015) . Experience suggests the need for a range of biotic indicators and that for example a narrow focus on plant community composition may not provide accurate projections of future progress (Herrick et al. 2006) .
Nonetheless, understanding is growing for biotic indicator groups such as lichens (Giordani et al. 2012 ), mycorrhizal fungi (Asmelash et al. 2016; Ingleby et al. 2000; Vogelsan et al. 2006 There may sometimes be a choice between biotic and abiotic indicators and selection will depend on factors such as ease of measurement, cost and the how well the indicator tells a story to other stakeholders.
Abiotic threshold indicators
Measurement of the following could all be useful, depending on ecosystem type, level of degradation and restoration aims; specific indicators and methodologies for measurement exist (Schoenholtz et al. 2000; Ecologic Institute & SERI 2010) . These are primarily abiotic although some (e.g., soil
properties and decomposition rate) will have a biotic component: All of these measurements will require some level of expertise and in most cases simple laboratory facilities. These indicators aim to record whether the basic conditions suitable for healthy forest growth have been regained following major forest loss or degradation.
Biotic threshold indicators
Representation of the following key attributes and functional groups (rather than taxa) could provide useful information; each of which will have an identifiable threshold which will need to be identified and monitored against:
1. Ground / canopy cover (e.g., percentage cover) 2. Recruitment -rate of addition to the population through reproduction or migration Measuring all these indicators would require a major effort. Box 1 presents a minimum list of indicators to measure a set of thresholds. Choice of indicators depends on a range of factors including budget, availability of equipment and expertise, willingness of stakeholders to engage in monitoring and to some extent also the aims of the restoration. Recovery of pollinators is a necessary prerequisite of a functioning ecosystem but likely to be particularly significant in places where restoration is taking place near farmed areas or where beekeepers operate.
Progress indicators
Progress indicators are more complex and are heavily influenced by the aims of the restoration project so that suggesting a standard list is problematic. They might include indicators of specific project objectives, for example the return of particular species; or reduction in flooding; or availability of non-timber forest products. Success in identifying process indicators is strongly tied to the clarity with which project objectives have been set (Failing and Gregory 2003) . Some examples of progress indicators are given below along with potential ways of measurement:
1. Reduction in dust storms due to increased vegetation cover, using meteorological data or information on flying conditions from local airports 2. Changes in flood frequency and intensity, using number of floods, extent, or households affected 3. Provision of fuelwood or non-timber forest products to local communities, through harvest levels or volume of products collected 4. Increases in tourist numbers following forest restoration, as measured by expenditure, numbers of nights spent in local accommodation, or counts of visitor numbers 5. Return or recovery of threatened and endangered species of conservation concern, through population counts or breeding success 6. Increases in honey production following restoration of plants supporting pollinator species
An underlying assumption of FLR is that success depends heavily on negotiating support from a wide range of stakeholders. Agreeing progress indicators is an important step in gaining this support because in total they define the range of benefits expected from restoration, and provide the means of verifying that all stakeholder needs are being met in practice (Dudley et al. 2006 ). An FLR plan will generally include a range of outputs; each of these requires at least one measurable indicator of progress. In some cases, abiotic and biotic threshold indicators will also supply information useful for tracking progress indicators.
Conclusions
In the current paper, we have focused on the abiotic, biotic and progress indicators that will measure changing conditions and hopefully the return of forests at various sites and ecosystem services across a wider landscape. Monitoring systems are a key element of measuring success in restoration, but also potentially an enormous drain on time and resources; success depends on maximising efficiency.
An iterative process is required. Specialist knowledge is needed to suggest some indicators (e.g. laboratory methods of measuring soil conditions) while others require local knowledge and the final list needs to be influenced and agreed by all relevant stakeholders. This list then needs further elaboration, to indicate the frequency at which particular indicators are measured, the scale to which they refer and the information provided by each (as noted, for instance, some threshold indicators will also provide information about progress towards agreed goals). Time and money can be saved if indicators collected through other processes (e.g. government social monitoring) can also provide useful data about the progress of FLR . Finally, the indicators need to be put together with those agreed for measuring changes in pressures on the system, and outputs from the restoration programme, to provide an overall status-pressure-response monitoring system.
The ideas presented can contribute to further development of a consistent monitoring framework for large-scale restoration projects. It should be stressed that whilst individual elements of the framework are already well understood, substantial gaps in our knowledge remain (Wortley et al. 2013 ).
Application of the framework is hampered by lack of knowledge about key areas: in particular the links between biological indicators and ecosystem service delivery. Much of this information exists
but has yet to be collated and analysed. Another potential block on applying these to some of the very major restoration initiatives planned or underway comes from lack of understanding of either the theory or practical application of monitoring systems of the scale and complexity required. A detailed programme of field testing, capacity building and engagement is required to enable such monitoring schemes.
None of these challenges are insurmountable but all require time and effort. Such monitoring systems need to be practical and feasible for a variety of field technicians to carry out, in conditions of varying governance quality. An effective monitoring framework for forest landscape restoration will help ensure that the growing commitment to reversing catastrophic forest loss provides maximum returns. 
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